The New Zealand construction industry continues to face pressures to improve productivity and lower construction costs. With the need to build more houses and infrastructure, quicker, to high quality and on time, there is a need to upscale the use of advanced technologies. Going digital is a solution that can transform the construction industry by improving productivity measures. The objectives of this paper are to: 1 Identify the availability of transformative technologies and their potential impact on productivity improvement across the construction life cycle and, 2. To investigate the benefits and barriers to technology-uptake in New Zealand construction. This paper is a review of digital technologies which analyzes their impact on productivity across the construction life cycle. As a basis for analysis, the digital technologies are isolated into three key productivity improvement functions: (1) Ubiquitous Digital Access, (2) Whole Building Whole-of-Life (WBWOL) decision making, and (3) Cost Reduction Engineering. This study is a literature-based theoretical exploration, aimed at signifying digitization as a function of productivity performance in the New Zealand construction industry. From a practical perspective, clients and contractors may be convinced to invest in digital technologies, increasing or accelerating uptake and more fully realizing the benefits digital technologies could add to productivity performance, growth and long-term success. This study may provide useful information for researchers regarding the development of case studies by analyzing organizations that implement technological innovations, their successful actions/processes, barriers overcoming actions, and sources of new ideas.
INTRODUCTION
Megatrends, like increasing urban populations, often require a rethink of the construction industry to improve productivity whilst providing affordable housing, and expanding capacity of infrastructures (Buehler & Gerbert, 2017) . There is a general consensus in the literature on the sector's fragmented nature (Love & Irani, 2004) , difficult on-site management (Changyoon Kim, Park, Lim, & Kim, 2013) , poor safety concerns (Cheung, Lin, & Lin, 2018) , and project delivery delays (Min & Bjornsson, 2008) and their impact on construction efficiency. In New Zealand the construction industry is similar in terms of fragmentation, regulatory impediments, and delays (Carson & Abbott, 2012; Clark-Reynolds & Pelosi, 2016) . Moreover, the need to accommodate the population residing in urban areas, adds requirements for building new infrastructure (BRANZ, 2014) . The significance of improving sector productivity, including in housing, was prioritized by the Productivity Commission (2012). Technology improvements have been seen as a way of improving processes to deliver quality, cost-effective buildings needed to meet NZ housing and infrastructure needs (Clark-Reynold and Pelosi (2016) ) whilst Macgregor (2017) argues for new methods of construction for improving housing quality. This research posits that digital technologies are a viable solution that can transform the construction sector to improve its overall efficiency. Digital technologies are advanced information and communication technologies that enable capturing, storing, processing, communicating, displaying, integrating and collaborating information (Hamelink, 1997) .
For the purpose of this study, digital technologies are referred to as advanced information and communication technologies and tools used in amplifying productivity across construction life cycle. in 1994, Latham's report (1994) aimed to assist the UK construction industry become internationally competitive by recognizing the role of information technology to provide speedy solutions in reducing cost and project duration. Latham (1994) showed a link between productivity, cost, and technology through to economic growth. Economic growth through increasing productivity has also been discussed in Australia, where it is believed that a 10% efficiency increase in the construction industry productivity would in turn increase the economy's gross domestic product (GDP) by over 2.5% (ICCPM, 2014) . Similarly in New Zealand, 1% increase in sector productivity would generate an increase in GDP of around $139m annually (PWC, 2016) . One way of improving productivity is through the advanced use of digital technologies.
Several reports systematically reviewed digital technology applications for multiple functional areas, for instance construction safety (W. Zhou et al., 2012) ; Radio Frequency Identification Technology (RFID) in construction (Valero et al., 2015) ; and construction progress tracking (Omar & Nehdi, 2016) . The current paper extends recent literature reviews on the theoretical applications of digital technologies in order to understand the relationship between digital technologies and productivity. Much literature has suggested various barriers to digital-innovation development, but researchers have not fully understood the productivity gains generated from digital technology investment. Ramilo and Embi, 2014) .
In the literature on technological innovation, a key task is to investigate how new technologies can be adopted to reshape the construction industry for the better (Loosemore 2014; Gambatese and Hallowell, 2011; Shibeika and Harty, 2016) . Using previous studies, this research aims to identify the availability of digital technologies and investigate their impact on productivity enhancement for the construction sector. How digitization impacts productivity is poorly understood, creating an area for this research. The research specifically examines the applicability of digital technologies in the New Zealand construction industry.
LITERATURE REVIEW

Defining digital technologies
An early study by Hamelink (1997) addressed the evolution of digital technologies as they occurred in four phases: mechanical phase -Industry 1.0, electrification phase -Industry 2.0; digital computers and telecommunication phase -Industry 3.0; Information and communication technology (ICT) development phase -Industry 4.0. Hamelink (1997) referred to digital technologies as advanced ICT that enable capturing, storing, processing, communicating, displaying, integrating and collaborating information. A number of authors have later classified these technologies according to their specific context of study. Froese (2010) referred to digital technologies as paradigm shift in the use of emerging IT, such as computer aided design (CAD), email, building information modelling (BIM), and web based project management (WBPM) applications. From the account of Ibem & Laryea (2014) , digital technologies are stand-alone, web based technologies and tools used for executing construction procurement activities. Whyte & Lobo (2010) identified role of digital technologies to facilitate social interactions, knowledge sharing, and coordination practices among stakeholders. Ibrahim (2013) addressed digital technologies as innovations that support construction procurement, management, and delivery of building projects. Hence, digitization such as the internet, smart devices, cloud computing, and other data processing technologies could remove constraints upon volume and reliability of data handling and quicken the speed of data transmission geographically (Underwood & Isikdag, 2011) . Digital technologies appear to offer benefits throughout the construction supply chain (Balfour Beatty, 2017) and digital disruption could change the future of New Zealand's construction industry (EBOSS, 2017).
Digital innovation in context and barriers
Rapid growth of demand in exploiting technology is globally identified (Shibeika and Harty, 2016) , as challenges with productivity, cost and quality achievement are endemic in the building industry (Xue et al., 2014) . Schoenborn (2012) linked these challenges with a slow uptake of new technologies. Globally, the industry has lagged behind most other industries in technology adoption and implementation (Stewart et al. 2004; Construction Industry Institute, 2008; Hooper and Haris 2010; Sepasgozar et al. 2016 ) and construction is recognized as a rather lowtechnology sector (Noktehdan et al., 2015) . Evidence has shown that the New Zealand construction sector appears to be a low-technology performer with an insignificant contribution (5% of total expenditure) to Research and Development (R&D) expenditure when compared to all-industry averages (Statistics NZ, 2012 Arguably, the global construction community has witnessed increasing efforts in recent years, introducing new technologies to improve productivity, lower costs, increase quality and sustainability (Loosemore, 2014) . For example, the UK government fostered a culture of innovation in technology to achieve a technologically advanced construction sector by 2025 (Shebeika and Harty, 2016) . However, circumstances emanating from emerging technologies have posed a hindrance to investors, thus diffusion has been a major challenge (Gledson and Phoenix, 2017) . As evidenced in Suprun and Stewart (2015) , recent research by the Russian Federal State Statistics Service [FSSS] (2014) found that only the high-tech sectors such as information and communication technologies, biotechnology and nanotechnology have improved in terms of innovative technology compared to other sectors (e.g. construction, manufacturing, etc). Following a similar study by Loosemore (2014) , based on a comprehensive survey of Australia, the sector has been identified as a low-technology achiever with only 30.8% of businesses innovating.
Like most countries, the New Zealand building industry continues to face pressures for improving productivity and lowering construction costs (NZ Institute of Economic Research [NZIER], 2014). Change in the construction sector is overdue, thus in 2016, the Building Better Homes, Towns and Cities' National Science Challenge was established to actively address the challenges of low productivity within the sector and improve the quality and supply of housing stock (MBIE, 2016) . The incorporation of new technologies that embrace systems, tools and equipment, and new resources used in the process of design/construction to digitize the building industry has become a major focus.
While Brandon and Lu (2008) suggested that global construction is moving towards a machine-dominated sector; in a follow-up study, Froese (2010) published a wide range of digital innovations that can influence the functions of construction firms and have potential positive impact on productivity and affordability. These include the applications of digital technologies in design and construction to improve visualization (Patacas et al. 2015) , ubiquitous access to on-site and off-site information (Ruwanpura et al. 2012) , safety control (Zhou et al. 2012 ), communication (Vlist et al. 2014 , and progress monitoring (Zhang & Arditi, 2013) . Other concepts that are currently attaining the most widespread interest include 3D printing, artificial neural network (ANN), artificial reality (AR), autonomous vehicle/robotic system, barcode technology, building information modelling (BIM), case-based reasoning (CBR), cloud computing, electronic commerce (e-commerce) technologies including web-based project management, game technology, geographical information system (GIS), global positioning system (GPS), 3D scanner, mobile devices (smart phones, tablets, etc.), virtual and augmented reality, internet of things (IoT), big data and analytics, stereo-lithography, mobile and wearable technologies, GPS guided plant and machinery and nanotechnologies, and smart materials and building components, to name a few (Sepasgozar et al., 2016) . This was corroborated by Miettinen and Paavola (2014) that the synergistic application of digital technologies makes information available through interconnected automated systems. For example, integrating AR technology in BIM for on-site information system of construction site activities (Wang et al. 2014 ). Some of these technologies have produced productivity improvements up to 40%, satisfying a much-needed enhancement in efficiency (Zhou, Whyte, & Sacks, 2012; Guo, Scheepbouwer, Yiu, & González, 2017) . Diffusing digital technology can lead to significant productivity improvements but these impacts are poorly understood. Similarly, these technologies are transformative (World Economic Forum, 2016) , and could motivate locally-based solutions for innovation adoption and implementation.
To gain a deeper insight into the innovative technology, the USA innovativeness provides some insights. In Gambatese and Hallowell's (2010) study, results (see Table 1 ) revealed an analysis of the expected benefits of innovative technologies on quality, productivity and cost. Participants in the study were asked to identify and rate these benefits. The result further shows the responses in comparison to the motivators for implementing the innovations. Decreased cost, competitive advantage, higher quality and increased productivity were the most highly rated expected benefits of the innovations. The core lesson that can be learnt from Gambatese and Hallowell, (2011) is that innovation benefits can best be achieved through organized effort to invest in new ideas and convert them into practice in a systematic way. Source: Gambatese and Hallowell (2011) Substantive research has been carried out on introducing digital technologies in construction (Sepasgozar et al., 2016) , a significant outcome of which is the identification of numerous barriers (cultural, organizational, institutional, technological, financial, etc.) to technology adoption by some authors (Ramilo and Embi, 2014; Skibniewski, 2014) which include (Cory and Bozell, 2001; Jones and Saad, 2003; O'Sullivan, 2002) Much of this research affirmed that technological advancement of the digital technologies has the potential to improve cost, quality and productivity significantly (Gambatese and Hallowell, 2011; Ramilo and Embi, 2014) . However, some studies show that significant technical and organizational barriers exist, that impede the effective adoption of these technologies Ramilo and Embi, 2014; Hemstrom et al., 2017) . A Malaysian industry-wide survey found risk and liability, high equipment cost, financial disincentives, inadequate R&D investment, lack of capable people, inadequate technology transfer, inflexible building codes and standards, and lack of governmental support as major challenges to new ideas (Civil Engineering Research Foundation, 1996; Romilo and Embi, 2014) . The current study posits that the factors that impede new ideas are complex (Shelton et al., 2016) , hindered by the unique culture and characteristics of the construction industry, and its operational environment (see Table 2 ). Note: N = number of respondents (N = 15 for each category of the firms [small, medium and large]); Likert scale used = 0-5 for each category of the firms; Each mean score is an average derived from the statistics of each category of the firms; The higher the mean score, the more likely that the barrier is the most significant in digital technology adoption. Source: Ramilo and Embi (2014) A Singaporean industry-wide survey (Ramilo and Embi, 2014) found financial concerns (Mean = 29.9556; see Table 2 ) as the most significant barrier to digital technology adoption among architectural firms (small, medium and large). Several international studies on construction digitization obtained data from study areas such as Asia, Australia, Middle East, United Kingdom, and United States (Gambatese and Hallowell, 2011; Ramilo and Embi, 2014; Shibeika and Harty, 2016) . A key task is how digital technologies can be upscaled to shape the future of construction
Linking digital technologies to construction life cycle activities
The construction life cycle is embedded in the management of construction projects in order to add value to services, reduce the whole life cost, and improve overall productivity (Lee, Song, Oh, & Gu, 2013) . Since New Zealand is the context region of study, authors refer to the construction life cycle framework established by BIM Acceleration Committee in New Zealand (2014): pre-design, design, construction, operate, renovate. Findings from these reveal that out of 144 papers reviewed, most papers address digital technology application in design and construction phases, whereas no application targeted renovate/refurbishment/retrofit phase. Also, in view of the surveyed literature on digital technologies, Table 3 identified aspects of the construction life cycle activities enabled by digital technologies. 
RESEARCH METHOD
As this is a review paper, the research methodology for literature review is adopted from similar survey studies by Chan & Yi (2014), W. Zhou et al.(2012) , Hassan Ibrahim (2013), Ibem & Laryea (2014) , and Guo et al. (2017) . The choice of this approach presented the advantage of bringing together evidence from multiple studies on the subject to inform practice. The papers collected from stage 2 were examined to ensure that the search is focused on the relationship between digital technologies and productivity. This stage is designed to achieve the research objective of finding key functions of digital technologies and linking to productivity. Screening included reading through the abstracts, findings, and conclusions. The criteria for selection was to find a correlation between digital technology applications across the construction life cycle activities and productivity performance. Authors discarded articles that did not focus on the functions of digital technologies and where no links to productivity were found. Finally, the survey qualitatively, aggregated a selected set consisting of 144 papers. These papers focused on the relationship between digital technologies and productivity.
RESULTS
Distribution of publications
Findings show that Journal of Automation in Construction, Journal of Computing in Civil Engineering, Journal of Construction Engineering and Management, Electronic Journal of Information Technology in Construction, and Canadian Journal of Civil Engineering account for more than 70% of related publications. Relatively less coverage is observed across the other journals (see figure 2 ). Contribution is realized from 33 countries, as shown in figure  3 . Around 67% research participation is found from researchers in USA, Canada, and UK. This is perceived logical because industrial and government practices enforce a great emphasis on implementing digital technologies in these countries (Patacas, Dawood, Vukovic, & Kassem, 2015) . An increasing number of publications (see figure  4 ), indicating growing digital technologies applications in construction industry. Even with the abundance of publications on digital technologies used in construction sector, research on the theoretical roles of digital technologies to directly address productivity is sparse. Thirty two digital technologies were identified, with key functions outlined in Cai et al. (2014) In summary this section reflected the literature that exists to support a wide range of new transformative technologies and how construction can benefit from these technologies. (Shibeika ahd Harty 2016 , Aouad et al. 2016 .
DISCUSSION
With the perspective of construction life cycle activities recognised from literature, this section is an inclusion of key capabilities of digital technologies that improve productivity. Simultaneously these functions are intended to encourage digital technology adoption in the New Zealand construction industry. Findings indicate that a majority of publications focus on applications of digital technologies in design and construction phase to improve the visualization (Patacas et al., 2015) , ubiquitous access to on-site and off-site information (Ruwanpura et al., 2012) , safety control (Zhou et al., 2012 ), communication (Vlist et al., 2014 , and progress monitoring (Zhang & Arditi, 2013) . Based on the emerging functions of digital technologies, the authors developed three areas for productivity analysis which points towards functions of digital technologies that enable productivity improvement in the construction process; digital access, whole-building whole-of-life decision making and cost engineering reduction.
Ubiquitous digital access
Ubiquitous digital access is the capability afforded by technologies to enable mobile access to information (Shin & Jang, 2009 ). The construction industry is highly information dependent. Among the digital access is information about materials, equipment handling, and construction workers activity recognition (Akhavian & Behzadan, 2016) . Good access to data and its management are critical to project management and depends upon shorter construction cycle time and transparent exchange of project information between all parties. Also, transient project locations restrict timely data access. Traditional method of acquiring information is time consuming and error-prone, leading to delays and cost overruns (Tindsley et al., 2008) . Irizarry et al. (2013) addressed the significant applicability of digital technologies, namely BIM, GIS, GPS, UWB, RFID, AR/VR, and LADAR imaging, in real time data acquisition . This enable construction stakeholders working with inadequate access to efficient digital information. This access is beneficial, in particular during design and construction stage, for efficient data handling which in turn improves decision making (Martínez-Rojas et al., 2016) , and reduces design deficiencies and clash detection. The latter helps managing the work schedule later in the construction phase (Harty & Whyte, 2010) . Ubiquity of digital access improves communication among the stakeholders who can then identify and minimize design discrepancies (Abeid & Arditi, 2003) . This communication is further enhanced by visual representation of the construction process, using 3D/4D animations leveraged by VR/AR (Ganah et al., 2005) . State, behavior, and context of the workers can be achieved by mobile technologies, such as smartphone devices and wearable technology, with embedded sensors (Awolusi et al., 2018) .
The Internet is another ubiquitous source of information that enhances accurate and timely data exchange with real time visibility and remote supervision of the construction process (Husin & Rafi, 2003) . For instance, in the prefabricated public housing projects in Hong Kong, real time information from RFID and GPS is connected with BIM in the developed Internet-of-Things (IOT) enabled platform. This integration enabled stakeholders to gain access to the physical building information, monitor the whole process, and make decisions collaboratively when necessary (Li et al., 2018) .
In a survey towards the uptake of mobile computing technology in New Zealand building industry, indicated that adoption of mobile applications provided better client relationship management and satisfaction, which has a positive correlation with sector's overall productivity and profit (Liu, Mbachu, Mathrani, Jones, & McDonald, 2017) . Although the basis of analysis covered a very small survey sample, it provided a starting point for encouraging further uptake of multiple mobile technologies in the sector. Venkatraman & Yoong (2009) developed a mobile facsimile application, called ClikiFax, to facilitate image-based messaging to a smart phone or fax machine and collaborate time-critical information among contractors, architects, and owners, at remote construction sites. As evident from literature, ubiquitous technologies enable new functionalities from the early design phase to the very end of an asset's life cycle, in real time, irrespective of location (Gerbert et al., 2016) .
Whole-building whole-of-life (WBWOL) decision making
The WBWOL framework was commenced by Building Research Association New Zealand (BRANZ) to establish the environmental impacts of building design and encourage more consistent use of building, based on life cycle assessment (LCA). The framework is significant to the New Zealand building industry because it facilitates a stronger connection between supply and demand for construction products. In the academic literature, life cycle considerations focus on benefits of early involvement to overcome technical discrepancies, design deficiencies, and organizational challenges. Life cycle considerations need to start at early design phase to prevent cost and time wastage rather being considered at a later stage (Ibrahim, 2013) . In the literature, life cycle considerations focus on benefits of early involvement to overcome technical discrepancies, design deficiencies, and organizational challenges. Evidence of digital technology applications for the entire construction life cycle is sparse but the contribution is discussed and has potential. Digital technologies demonstrate benefit in this regard by offering logistics transparency in the construction process. Digital technologies enable the framework by means of material management, visualization, and real time data management, such as, current production status across building lifecycle (Golparvar-Fard, Bohn, Teizer, Savarese, & Peña-Mora, 2011) . Several studies investigated the use of digital technologies with lifecycle considerations. Quantitative digital tools, such as 3D CAD and BIM are used throughout the lifecycle from design, planning, clash detection, scheduling, estimation, and project management (Ibrahim, 2013) . Valero et al. (2015) demonstrates uses of RFID in four main stage of the lifecycle of a facility: planning and design, construction and commission and operation and maintenance. With increasing use of automated data acquisition technologies, such as RFID and GPS, facilitate assessment of as-built phases and integrating LCA-based data into the design process become easier and quicker (Ma et al., 2005) . Digital technologies facilitate the management of real-time data, and consequently facilitates improved collaboration and teamwork necessary for lifecycle-based decision making.
Visualization capabilities of BIM enable decision making for operation and maintenance phase activities. This is of interest to project stakeholders to support decision within a whole lifecycle perspective. For instance, in the UK, government mandated BIM adoption in all public projects sustaining from 2016. The initiative is intended to leverage the UK construction strategy of 2025 to reduce whole life cost of built assets by 33%, overall time by 50% (Chang et al., 2017) . In New Zealand a similar government initiative to improve productivity by 20% by 2020 (Fuemana et al., 2013) could be greatly leverage by digital technologies. The BIM enabled projects driven by BAC New Zealand (2014) showed financial benefits from the integration, in particular workflow efficiency, reduced material and labor waste, and shorter construction time (See table 5 ). The utilization of BIM across the projects' life cycle point towards a common notion that to get maximum benefit from BIM it is important to use it from inception to completion and that the technologies revolutionize traditional project decision-making by enabling whole-life consideration. Application of advanced information and communication technologies and artificial intelligence supported systems cuts across the entire spectrum of project cycles, improving collaboration, design development, and boosting productivity (Yau & Yang, 1998; Kumaraswamy et al., 2004; Kuenzel et al., 2016) . 
Cost Reduction Engineering
Another key function of digital technologies is cost reduction engineering (CRE). The CRE concept depends heavily on cost reduction capabilities of digital technologies. When the cost of constructed facilities is reduced, the facilities themselves become more affordable, and, therefore, more accessible to a greater proportion of the population (Slaughter, 1998) . Rework and design deviations typically add to life cycle cost overruns. Cost of deviation and rework was discussed by Burati et al., (1992) and Egan (1998) as a high contributor, 12.4% and 30% respectively, to total project cost. Harnessing digital technologies can minimize such error and save the cost of rework by optimizing the construction process. Multimedia, VR/AR, and 3D/4D visual imaging technologies help eliminate design error (Dawood & Mallasi, 2006) . A major benefit of visual tools is to identify deviations in asbuilt and as-planned work that account for significant portion of total project cost (Kumaraswamy et al., 2004) . In view of this challenge, Omar & Nehdi (2016) developed a visual system in close range photogrammetry that is able to deliver work progress, continuous monitoring and controlling of construction site activities. The visual monitoring not only reduces unnecessary site visits but also makes it easier to provide corrections, and make timely adjustment to the process, mitigating time and cost consequences.
Another aspect of cost control is by managing safety on site. Construction sites contain several supporting facilities that are required to perform construction activities. These facilities may be exposed to hazards and lead to adverse consequences for the whole construction process, in terms of worker productivity, project completion time, quality and budget. A range of digital technologies, in particular RTLS, PWS, CBR, ANN, and Game Technology, are addressed for enhancing safety education and training, hazard identification and accident prevention (Zhou et al., 2013) . The advent of worldwide web and Internet have evolved online business solutions, in particular electronic commerce (e-commerce), to provide cost-effective support for information flow and communication, at any given time (Kong et al., 2004) . E-commerce technologies, such as web-based project management, e-Marketplace, electronic payment platforms, and email, facilitate outsourcing work to diverse participants in the construction industry (Love & Irani, 2004) . Cost efficiency is gained through decreased transaction costs, inventory levels, staffing requirements, and procurement cycles. Contractors and owners benefit from this technology by reduced administration and communication costs, and construction costs respectively (Zou & Seo, 2006) . Digital technologies revitalize the construction process by automating activities.
Intelligent systems like BIM, wireless technology and cloud computing (Ibem & Laryea, 2014) , RLTS, geospatial technologies, and vision technologies, such as LADAR (C Kim, Son, Kim, & Han, 2008 ) enable data storage, without the need for a physical device, like computer hard drive. This eliminates the need for IT personnel, thus reducing staffing and overhead costs. Automated activities make site intervention less necessary. This can save valuable labor hours and added costs to construction. Wang et al. (2014) succeeded in achieving automated progress control by integrating AR in BIM. The system reduces manual intervention, and time, adding to costeffective deliverable for the entire project. Another emerging automation technology, although long used in the manufacturing sector, is 3D printing. It is gaining popularity in the construction industry owing to its potential to provide flexibility in design, reduced manpower, construction time, and waste (Wu et al., 2016) . 3D printing allows inclusion of BIM in the construction process to further improve scheduling requirements of the project, reducing construction time on site, production cost, and overall lifecycle cost. Given the scale of Auckland housing shortage and rebuild of Christchurch, automation technologies may leverage meeting demands in the country (Buckett, 2013) .
Moreover, existing evidence (Gambatese and Hallowell, 2011) revealed that decreased cost, competitive advantage, higher quality and increased productivity are the most highly rated expected benefits of technology innovation. Results from literature show that economic conditions , high construction cost (Suprun and Stewart, 2015) , and initial/project costs rather than life cycle costs (Hemstrom et al., 2017) are the top barriers. Whereas, researchers from Malaysia (Ramilo and Embi, 2014) identified the following barriers to the adoption of innovative technologies which would seem to relate with the experience of NZ innovators and construction companies: financial; technological; process; organizational; psychological; and governmental barriers that prevent the adoption of mature and cost-effective technologies. Financial concerns act as a prominent barrier to technology uptake. Companies tend to innovate to increase their profitability, but they cannot innovate unless their economic condition allows.
CHALLENGES OF DIGITAL TECHNOLOGY IMPLEMENTATION FOR CONSTRUCTION LIFE CYCLE ACTIVITIES
From the above literature, it may be inferred that the implementation of digital technology in construction projects enables an increase in collaboration, integration, monitoring, safety, cross reference of knowledge, delineated coordination practices among project participants. Based on findings, these functions could significantly contribute to productivity improvements in the construction projects. Although Vlist et al.(2014) advocated that a minimum level of ICT requirement can benefit production cost advantage, and a number of technical, financial, and organizational barriers come in the way DT adoption, as illustrated by Zou & Seo (2006) and Ibrahim (2013) . Despite making progress in its development, digital technology adoption meets with skepticism because of fragmented nature of the industry (Hartmann, Van Meerveld, Vossebeld, & Adriaanse, 2012); security and confidentiality concerns (Strachan & Stephenson, 2009; Changyoon Kim et al., 2013) ; lack of supporting data and knowledge of benefits (Palaneeswaran & Kumaraswamy, 2003) ; incompatibility or interoperability issues between applications/technologies (Duzgun Agdas et al., 2010; Changyoon Kim et al., 2013; Patacas et al., 2015) ; increased time/effort in creating 3D models (Khatib, Chileshe, & Sloan, 2007; Q. Lu & Lee, 2017) ; resource requirements, and coordination problems (Harty & Whyte, 2010; Wu et al., 2016) ; costing and management issues (Sacks, 2004; Eadie, Perera, Heaney, & Carlisle, 2007 ; Hewage, Ruwanpura, & Jergeas, 2008; Merschbrock & Munkvold, 2015) . These findings reflect a similarity to the technology barrier factors observed in New Zealand construction industry, including affordability, lack of data management, risk aversion, and lack of creative vision (Wilkinson et al., 2017).
CONCLUSION
From a review of 144 papers, 32 digital technologies were identified, and three emerging functions of digital technologies analyzed for their contribution to productivity improvements. BIM, RFID, Cloud Computing, GIS, GPS, and Mobile Computing appear to be the emerging productivity enhancing technologies. The array of international studies concluded that digital technologies demonstrate great potential to productivity gains and profit margins. This is a significant resource to encourage digitization in the New Zealand building industry. Three of the emerging functions are highlighted to assist construction practitioners to invest into digital technologies and develop adoption strategies in future or improve the uptake of technologies in NZ building industry for improving sector productivity.
Previous evidence revealed that financial, technological, process, organizational, psychological and governmental barriers would prevent the adoption of mature and cost-effective technologies in New Zealand. Financial concerns can act as a prominent barrier to technology uptake. In the context of New Zealand, several technologies, namely BIM, RLTS, 3D printing, and mobile technologies, have promising potential to enhance workflow efficiency and some studies are already exploring the opportunity. Future efforts should be made to examine the processes required for incorporating new digital technologies, industry wide. This will leverage achievement of the national agenda of 20% productivity improvement by 2020.
